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Abstract Cisatracurium besilate, one of the 10 stereoisomers that comprise atracurium

besilate, is a nondepolarising neuromuscular blocking agent with an intermediate
duration of action. Following a 5- to 10-sec intravenous bolus dose of cisatracur-
ium besilate to healthy young adult surgical patients, elderly patients and patients
with renal or hepatic failure, the concentration versus time profile of cisatracur-
ium besilate is best characterised by a 2-compartment model. The volume of
distribution (Vd) of cisatracurium besilate is small because of its relatively large
molecular weight and high polarity.

Cisatracurium besilate undergoes Hofmann elimination, a process dependent
on pH and temperature. Unlike atracurium besilate, cisatracurium besilate does
not appear to be degraded directly by ester hydrolysis. Hofmann elimination, an
organ independent elimination pathway, occurs in plasma and tissue, and is re-
sponsible for approximately 77% of the overall elimination of cisatracurium
besilate.

The total body clearance (CL), steady-state Vd and elimination half-life of
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cisatracurium besilate in patients with normal organ function are approximately
0.28 L/h/kg (4.7 ml/min/kg), 0.145 L/kg and 25 minutes, respectively. The mag-
nitude of interpatient variability in the CL of cisatracurium besilate is low (16%),
a finding consistent with the strict physiological control of the factors that effect
the Hofmann elimination of cisatracurium besilate (i.e. temperature and pH).
There is a unique relationship between plasma clearance and Vd because the
primary elimination pathway for cisatracurium besilate is not dependent on
organ function.

There are minor differences in the pharmacokinetics of cisatracurium besilate
in various patient populations. These differences are not associated with clinically
significant differences in the recovery profile of cisatracurium besilate, but may
be associated with differences in the time to onset of neuromuscular block.

Cisatracurium besilate, one of 10 stereoisomers
that comprise atracurium besilate, is a nondepolar-
ising neuromuscular blocking agent (NMBA) with
an intermediate duration of action (fig. 1). It is the
R-R’ optical isomer in the cis-cis configuration, and
accounts for 14% of the atracurium besilate mix-
ture.[!] Cisatracurium besilate is approximately 3
times more potent and has a similar neuromuscular
blocking profile to atracurium besilate, although it
has a slower onset (at equipotent doses).l?] How-
ever, the differences in onset are expected, based
on the inverse relationship between potency and
onset.[>4 Cisatracurium besilate is not associated
with dose-dependent histamine release at doses
ranging from 0.1 to 0.4 mg/kg [2 to 8 times the
effective dose (EDys)].[’] A complete review of the
pharmacology and clinical potential of cisatracur-
ium besilate are presented elsewhere.[6]

1. Metabolism-Elimination

In vitro work in Segrensen buffer (pH 7.4, 37°C)
and plasma (pH 7.39 to 7.42, 37°C) from 9 healthy
volunteers suggests that cisatracurium besilate
undergoes temperature- and pH-dependent Hof-
mann elimination to form laudanosine and a
monoquaternary acrylate metabolite (fig. 2).['l The
monoquaternary acrylate then undergoes ester
hydrolysis, via nonspecific plasma esterases, to
form the monoquaternary alcohol metabolite and
acrylic acid. In turn, the monoquaternary alcohol
undergoes Hofmann elimination, at a much slower
rate than cisatracurium besilate, to form a second
molecule of laudanosine. The degradation rate of
cisatracurium besilate in Serensen buffer and
plasma was similar in the presence or absence of a
nonspecific plasma esterase.[!l However, the for-
mation rate of the monoquaternary alcohol from
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Fig. 1. Structural formula of cisatracurium besilate.
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Fig. 2. Proposed metabolic elimination pathway for cisatracurium besilate in human plasma.l']

the monoquaternary acrylate was significantly re-
duced by the addition of the nonspecific esterase,[!]
suggesting that ester hydrolysis was not a metabo-
lic pathway for the direct metabolism of cisatracur-
ium besilate.

The results from this in vitro work are consistent
with results from in vivo studies, which support the
suggestion that Hofmann elimination, and not di-

© Adis Infernational Limited. All rights reserved.

rect ester hydrolysis, is an important elimination
pathway for cisatracurium besilate. In clinical
studies, laudanosine and the monoquaternary alco-
hol metabolite, but not the monoquaternary acid
metabolite, were detected in plasma and urine
samples.[”-%1 The mean in vivo elimination half-life
(typ) of cisatracurium besilate in healthy adult sur-
gical patients ranged from 22 to 30 minutes,[7-1%]

Clin Pharmacokinet 1999 Jan; 36 (1)
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similar to the in vitro half-life of 29 minutes.['l In
addition, following the administration of a 0.1
mg/kg dose of ['“C]cisatracurium besilate to 6
healthy male surgical patients, 95% of the dose was
recovered in the urine, with less than 10% appear-
ing as unchanged cisatracurium besilate. Most of
the dose was excreted as conjugated desmethyl me-
tabolites of laudanosine.[!!] Finally, the magnitude
of interpatient variability in total body clearance
(CL) [as assessed using a population pharmacoki-
netic-pharmacodynamic model] was only 16%, a
finding consistent with the strict physiological con-
trol of the factors that effect the Hofmann elimina-
tion of cisatracurium besilate.[!%]

Therefore, in vitro and in vivo data suggest that
the predominant pathway of cisatracurium besilate
metabolism is Hofmann elimination to form
laudanosine. Laudanosine is further metabolised to
a number of conjugated metabolites which are ex-
creted in the urine.

2. Pharmacokinetic Models

Following an intravenous bolus dose, plasma
cisatracurium besilate concentrations decline over
time in biexponential fashion, with the concentra-
tion-time data being best characterised by a 2-
compartment model.l”?1 Because cisatracurium
besilate undergoes Hofmann elimination in blood
and tissues, a nontraditional 2-compartment
model, with elimination from both compartments,
is the most appropriate pharmacokinetic model
(fig. 3). The rationale for this conclusion is as fol-
lows.

Nakashima and Benetl!4l described exit site—
dependent and —independent parameters for vari-
ous pharmacokinetic models. CL is an exit site—
independent parameter; therefore, values of CL
obtained from either model (e.g. traditional, with
elimination from the central compartment only, or
nontraditional models) should be equivalent. How-
ever, the volume of distribution at steady state (V)
is dependent on the exit site(s) from the model.
Hulll'3] discussed the application of various mod-
els to describe the pharmacokinetics of atracurium
besilate, explaining that either model could ade-

© Adis Infernational Limited. All rights reserved.

quately describe the concentration-time curve.
However, analysis using the traditional model,
with elimination from the central compartment
only, results in an underestimation of the V. The
magnitude of the underestimation of the Vg of
cisatracurium besilate in healthy patients undergo-
ing surgery was shown to be 17 to 20%.[%-13]

The nontraditional model was applied to plasma
concentration-time data following cisatracurium
besilate administration. Results from this model-
ling supported the idea that the major elimination
pathway of cisatracurium besilate in healthy surgi-
cal patients was Hofmann elimination.['3] Approx-
imately 77% of CL of cisatracurium besilate was
accounted for by Hofmann elimination, while the
remainder (23%), was accounted for by organ elim-
ination pathways.[!3] Similar findings were seen
for patients with renal failure, where Hofmann
elimination accounted for 88% of the clearance of
cisatracurium besilate.[°]

These findings for cisatracurium besilate are in
contrast to those found for atracurium besilate by
Fisher et al.l!7! The difference between atracurium

IV bolus
Kz
—_—
c k21
<—
K10 = Kuior * Kora K20 = Kuor

Fig. 3. Schematic of the nontraditional 2-compartment open
model that most appropriately describes the pharmacokinetics
of cisatracurium besilate. Elimination occurs from both the cen-
tral (C) and peripheral (P) compartments. Hofmann elimination
and organ-based elimination occurs from the central compart-
ment. Only Hofmann elimination occurs from the peripheral
compartment. IV = intravenous; k2 and k¢ are the inter-
compartmental rate constants describing movement from
the central compartment to the peripheral compartment and
from the peripheral compartment to the central compartment,
respectively; kip = elimination rate constant from the central
compartment; kyor = Hofmann elimination rate constant;
kore = organ elimination rate constant; kyo = elimination rate
constant from the peripheral compartment (same as kyor) [from
Kisor et al.,l'3] with permission].
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Fig. 4. Pharmacokinetic parameter relationships for cisatracur-
ium besilate. CL = clearance; ti,3 = elimination half-life; Vss =
steady-state volume of distribution. The dotted line in the top
panel shows extrapolation to zero value on the x-axis (from Kisor
et al.,l['3 with permission).

besilate and cisatracurium besilate may be attrib-
uted to the fact that atracurium besilate contains 10
different isomers and the rate constants employed
in the analysis by Fisher were composite values,
whereas cisatracurium besilate is a single isomer
represented by its own rate constant. However, and
most importantly, the approach developed by
Fisher et al.l'7l allowed the contribution of Hof-
mann elimination to be determined for cisatracur-
ium besilate and reaffirmed that, in humans, the
elimination of cisatracurium besilate is minimally
dependent on the liver and kidneys.[!8]

3. Pharmacokinetic Parameter
Relationships

Pharmacokinetic parameter relationships for
cisatracurium besilate are unique because of its or-
gan-independent elimination. These relationships
(i.e. between CL and V; Vg or CL and ty,g) can

© Adis Infernational Limited. All rights reserved.

only be accurately determined by using the non-
traditional model with elimination from the central
and peripheral compartments.

For drugs that undergo organ-dependent elimi-
nation, the ty,g is dependent on CL and Vg, with
CL and Vg being independent parameters. The
organ-independent Hofmann elimination of cisatra-
curium besilate, because of tightly controlled
temperature and pH, ‘fixes’ the elimination rate
constant (and therefore ti,g); thus, the CL of cis-
atracurium besilate is dependent on the Vg, and as
Vs increases (or decreases) so does the CL (fig.
4).1831

Protein binding could also explain these rela-
tionships. In reference to organ clearance of a low
extraction drug (e.g. cisatracurium besilate), CL is
dependent on intrinsic clearance (CLiy) and on the
fraction of unbound drug in the blood or plasma

(fo):
CLtotal = CLintfy

The V is also dependent on the f;:
Vs = Vp + Vi(f/fur)

where fy;; is the fraction of unbound drug in tissue,
Vy is the volume of blood and V; is the volume of
tissue. Therefore, changes in f, would result in par-
allel changes in Vg and CL which would be
recognised as a relationship between these param-
eters.['% Studies of the pharmacokinetics of
cisatracurium besilate require acidifying the blood
samples to inhibit further in vitro degradation via
Hofmann elimination, which results in protein pre-
cipitation and prevents evaluation of the protein
binding of cisatracurium besilate. Therefore, prov-
ing these relationships are due to protein binding
has been elusive.

When considering pharmacokinetic relation-
ships, it is more likely that the organ-independent
elimination of cisatracurium besilate dictates the
relationships, with the ti,g being the independent
parameter. These theoretical arguments do come
into play when interpreting pharmacokinetic esti-
mates in certain populations. For instance, the Vg,
and hence, CL of cisatracurium besilate are in-

Clin Pharmacokinet 1999 Jan; 36 (1)
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Table I. Cisatracurium besilate pharmacokinetic parameter estimates (mean + SD) in healthy adult surgical patients with normal organ

function
n Dose CL Vss g MRT Reference
(mg/kg) (L/h/kg) (L/kg) (min) (min)
12 0.1 IV bolus 0.28 £0.05 0.11+0.012 215+24 NR 7
15 0.1 IV bolus 17.58 £0.59 (L e h™")P V1: 452 £2.81 (L)2P 30.0£1.2° NR 20
Va: 4.65 +2.39 (L)*P
1" 0.1V bolus 0.34 +£0.05 0.16 +0.02° 235+3.5 NR 8
8 0.075 IV bolus 0.28 £0.03 0.12+0.02° NR 26.5+3.6 21
8 0.15 IV bolus 0.28 +£0.04 0.12+0.01° NR 256+2.6
8 0.3 IV bolus 0.28 +£0.05 0.12+0.03? NR 253+25
10 0.1 IV bolus 0.32+£0.072 0.14 +£0.03% 224+2.7° NR 9
0.31 £0.05° 0.18 £0.05° 248+2.1°
0.2 IV bolus 0.28 +£0.042 0.12+0.022 255+4.1° NR
0.28 +0.04° 0.16 £ 0.04° 25.0+3.8°
31 0.1 IV bolus 19.14 (17.58-20.7)¢ 9.7 (7.6-11.8) (L)>¢ 28.4 NR 10
7 0.1 infusion (5 min) 0.22+0.07 0.079+0.0112 NR 226+3.6 22

Population typical value and standard error.

Qa o T o

Mean and 95% confidence interval.

Parameter derived from noncompartmental or traditional 2-compartment model with elimination from only the central compartment.

Parameter derived from nontraditional 2-compartment model with elimination from the central and peripheral compartments.

CL = total body clearance; IV = intravenous; MRT = mean residence time; n = number of patients/participants; NR = parameter not reported;
ti,p = terminal elimination half-life; Vss = steady-state volume of distribution; V1 = volume of the central compartment of a traditional
2-compartment model; V2 = volume of the peripheral compartment of a traditional 2-compartment model.

creased in patients with end-stage liver disease
(see below, section 6) as compared with relatively
healthy patients undergoing surgery.[8] Therefore,
when considering the elimination of cisatracurium
besilate from the body, t,5 is the independent pa-
rameter of interest.

4. Pharmacokinetics-Pharmacodynamics
in Healthy Surgical Patients

4.1 General Pharmacokinetics

The pharmacokinetics of cisatracurium besilate
were examined in adult patients with normal organ
function (table I). Data from Eastwood et al.[20] and
Ornstein et al.l’l were analysed using a 2-compart-
ment model with elimination from the central com-
partment only. The clearance values were not af-
fected by the fact that peripheral elimination was
ignored; however, the Vg was an underestimate.

DeWolf et al.[8l and Bergeron et al.[23] described
the pharmacokinetics of cisatracurium besilate
using noncompartmental methods, which assumes

© Adis Infernational Limited. All rights reserved.

elimination occurs from a central compartment
only. As with the traditional model, the Vg is
underestimated when using noncompartmental
methods.

Lein et al.[ applied the nontraditional 2-com-
partment model with elimination from both the
central and peripheral compartments, and com-
pared pharmacokinetic parameter estimates from
this model to those derived from the model with
elimination solely from the central compartment.
The model with elimination from only the central
compartment underestimated the Vs by 22 to 28%
in healthy patients undergoing surgery. Combining
data from the patients receiving cisatracurium
besilate 0.1 mg/kg with data from 2 other studies,
employing administration of the same dose in sim-
ilar patients, Kisor et al.[!3] showed the model with
elimination from only the central compartment re-
sulted in a 17% underestimation of the V.

Sorooshian et al.l'% used nonlinear mixed ef-
fects modelling, a pharmacostatistical software
program (NONMEM), to analyse cisatracurium

Clin Pharmacokinet 1999 Jan; 36 (1)
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besilate concentration versus time data in young
adult surgical patients (between 18 and 50 years of
age) receiving a dose of twice the EDgs (0.1 mg/
kg). This analysis employed a model with elimina-
tion solely from the central compartment. These
investigators then allowed elimination from the
peripheral compartment (essentially using the non-
traditional model) to determine the factor by which
the Vg was underestimated. They found that the
traditional model underestimated the Vg by a fac-
tor of 1.55, with the underestimation occurring en-
tirely in the peripheral compartment.[10]

These studies neither utilised early rigorous
sampling schemes as suggested by Ducharme et
al.,[>I nor employed simultaneous sampling of ar-
terial and venous blood,!?%] which may have iden-
tified pharmacokinetic differences and better de-
scribed the pharmacodynamics of cisatracurium
besilate. Studies with atracurium besilate showed
that the pharmacokinetics and pharmacokinetic-
pharmacodynamic relationship for atracurium
besilate were dependent on the sampling site.[2%]
The pharmacokinetic parameter estimates of cis-
atracurium besilate derived from arterial and ve-
nous sampling from patients in separate studies
were similar; however, simultaneous sampling

from an artery and vein within patients was not
performed.[!3]

Tran et al.[*®] reported a CL of 0.22 + 0.07
L/h/kg and a Vg of 0.08 = 0.01 L/kg in healthy
patients undergoing surgery receiving 0.2 mg/kg
of cisatracurium besilate given as a short infusion.
Pharmacokinetic parameters were estimated using
noncompartmental methods and thus, the Vi was
an underestimate.

The renal clearance of cisatracurium besilate in
healthy patients undergoing surgery was calcu-
lated to be 16.4% of the total clearance; thus, renal
elimination accounts for most of the non-Hofmann
(organ) elimination of cisatracurium besilate.!3]

In addition to characterising the pharmacokinet-
ics of cisatracurium besilate in individuals with
normal organ function, the data showed that the
pharmacokinetics of cisatracurium besilate were
independent of dose for doses between 0.1 and 0.2
mg/kg,® between 0.075 and 0.3 mg/kgl?3! and be-
tween 0.1 to 0.4 mg/kg.[?7] These findings were not
unexpected, as Hofmann elimination, being de-
pendent on temperature and pH, would not be ex-
pected to be capacity limited.[!3!]

Overall, the concentration-time profiles for the
same dose of cisatracurium besilate in patients
with normal renal and hepatic function were very

10 000 A Control patients study A (venous)
B Control patients study B (arterial)
@ Control patients study C (arterial)
g
21000 |
1S
=
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O 100 4
0
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Fig. 5. Mean (+ SD) concentration versus time data from 3 separate studies of cisatracurium besilate pharmacokinetics in adult
patients with normal organ function (from Kisor et al.,['3] with permission).
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reproducible (fig. 5). The strict physiological con-
trol of pH and temperature results in a low magni-
tude of patient variance in the clearance of cisatra-
curium besilate (16%).['2] The low variance of this
compound has prompted investigators to use cisat-
racurium besilate as a model drug in examining
new approaches to determining bioavailability.[28]

4.2 General Pharmacodynamics

In healthy adults receiving nitrous oxide/opioid/
barbiturate anaesthesia, on a molar basis, cisatracu-
rium besilate is 3.5 times more potent than atra-
curium besilate, with an EDgs of 0.05 mg/kg.[2-22]
With bolus doses of 3 and 4 times EDgs (0.15 and
0.2 mg/kg, respectively), the mean time to 90%
suppression (90% neuromuscular block) was
3.4 and 2.8 minutes, respectively.[?°] As expected,
the time to onset of neuromuscular block de-
creased as the dose of cisatracurium besilate in-
creased.[2:21.22.29.30]

Also as would be expected, the clinically effec-
tive duration of neuromuscular block (the time
from injection to 25% recovery of neuromuscular
function) increased with increasing cisatracurium
besilate dose in a predictable fashion.[2-22] At doses
of 3 times EDgs and 6 times EDys, 0.15 mg/kg and
0.3 mg/kg, the duration of clinically effective
neuromuscular blockade increased from 52 to
78 minutes.[39 The rate of recovery (e.g. 25 to
75% recovery index) from cisatracurium besilate—
induced neuromuscular block was neither depend-
ent on dose (2 to 8 times EDys) nor factors such as
age, renal failure, liver disease or prior suxametho-
nium chloride (succinylcholine chloride) adminis-
tration.[7:8:10.31.32]

The rate constant describing equilibration be-
tween plasma cisatracurium besilate concentration
and neuromuscular block (ke,) ranged from 0.1 to
0.179 min~! in healthy adult surgical patients re-
ceiving a single bolus dose of cisatracurium besil-
ate during opioid or inhalation anaesthesia.[%:111 In
a parametric population pharmacokinetic-pharma-
codynamic analysis, a ke, value of 0.058 min~! was
estimated by combining data from healthy adult
patients receiving single bolus doses of cisatracur-

© Adis Infernational Limited. All rights reserved.

ium besilate with or without maintenance doses or
infusions.['2] The differences noted were most
likely caused by the limited number of T; suppres-
sion observations before maximum T suppression
and the collection of arterial vs venous blood. Be-
cause more onset and recovery data were included
in the population analysis (e.g. time to 90% T, sup-
pression, time to 25% T, recovery) the values ob-
tained for ke, in the population analysis were more
likely to be closer to the true value.

The most accurate value for k¢, has been deter-
mined by administering a short duration infusion
and collecting arterial plasma concentrations and
T, suppression data both during and after the com-
pletion of the infusion.[33] An analysis using this
method has recently been completed for cisatracur-
ium besilate in healthy adult patients and resulted
in a ke, value of 0.053 min~1,[26] which was similar
to the value obtained from the population analyses
(0.058 min™").l12!

The concentration of the dose that produced
50% of the maximum effect (ECs) for cisatracur-
ium besilate ranged from 89 to 168 pg/L in patients
receiving bolus doses of cisatracurium besilate
during opioid or inhalational anaesthesia.[8:!11 The
ECs value estimate based on the parametric pop-
ulation pharmacokinetic-pharmacodynamic analy-
ses was 141 pg/L.['21 Once again, when arterial
samples were collected frequently following a
short infusion of cisatracurium besilate, the ECs,
was estimated at 165 pg/L,[2%] a value similar to
those reported earlier.[1?]

4.3 Factors Affecting the
Pharmacokinetics-Pharmacodynamics in
Healthy Surgical Patients

Population pharmacokinetic analyses were per-
formed on data from healthy adult patients under-
going surgery.['2] The results showed that certain
covariates were associated with statistically signif-
icant (p < 0.01) effects on CL or volume of the
central compartment (V) of cisatracurium besil-
ate. These covariates were not associated with clin-
ically significant changes in the predicted recovery
profile of cisatracurium besilate.['?! Slight differ-

Clin Pharmacokinet 1999 Jan; 36 (1)
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ences in onset were predicted in some subsets, but
warranted no changes in dosage recommendation.

The largest effects detected from the population
pharmacokinetic analyses were associated with the
use of inhalation anaesthesia. The use of inhalation
anaesthesia was associated with a 78% larger ke,
a 21% larger Vg and a 15% lower ECsy for
cisatracurium besilate.l'?! These changes resulted
in a slightly faster (=45 sec) predicted time to onset
in patients receiving cisatracurium besilate (0.1
mg/kg) during inhalation anaesthesia than in pa-
tients receiving opioid anaesthesia. However, there
were no clinically significant differences in the
predicted recovery profile of cisatracurium besil-
ate for this subgroup.

This interaction, i.e. increased ke, and Vg in the
presence of inhalational anaesthesia, is physiologi-
cally based (i.e. altered distribution due to changes
in regional blood flow associated with the use of
inhalation anaesthesia)**] but does not affect dos-
age recommendations. Because patients in the
present studyl'?] received cisatracurium besilate
during stable anaesthesia while patients in the clin-
ical setting received cisatracurium besilate closer
to induction of anaesthesia, the faster onset pre-
dicted by the present model may or may not be
clinically significant in general clinical practice.

Gender and the presence of obesity produced
small changes in CL and/or k¢,. Adult female pa-
tients undergoing sugery had a 14% increase in ke,
and obese patients had a 16% increase in k, com-
pared with nonobese patients. However, these ef-
fects were not associated with any clinically sig-
nificant alterations in the predicted onset or
recovery profile for cisatracurium besilate.[12:33]

In addition to describing patient characteristics
altering the pharmacokinetics and pharmacody-
namics of cisatracurium besilate in healthy patients
undergoing surgery, the population pharmacoki-
netic analyses allowed for a better understanding
of the variability in the time course of effects in
healthy patients undergoing surgery which have
been summarised in the product labelling.?%] Spe-
cifically, the magnitudes of interpatient variability
in ke, and ECsg (approximately 50 to 61%) were

© Adis Infernational Limited. All rights reserved.

much higher than those observed for pharmacoki-
netic variables (CL and V; =16 to 27%), indicating
that alterations in the time course of cisatracurium
besilate-induced block are more likely because of
variability in the pharmacodynamic parameters
than in the pharmacokinetic parameters.

5. Pharmacokinetics-Pharmacodynamics
in Elderly Patients

Table II presents pharmacokinetic parameter es-
timates for cisatracurium besilate from 2 separate
pharmacokinetic studies performed in elderly pa-
tients. Ornstein et al.[’l administered 0.1 mg/kg of
cisatracurium besilate as a bolus to 12 elderly pa-
tients (>65 years old) and 12 younger adult patients
undergoing surgery (30 to 49 years old). The Vs of
cisatracurium besilate was statistically signifi-
cantly greater in the elderly patients as compared
with the younger patient group (0.13 £ 0.02 L/kg
vs0.11+£0.01 L/kg; p=0.008). Because the V, was
similar between the two groups, the difference in
Vs was attributed to an increase in the volume of
the peripheral compartment.l”] Sorooshian et al.l!%
described similar results in a group of 33 elderly
patients (>65 years of age) when compared with 31
younger patients. These studies showed that the Vg
of cisatracurium besilate was 17 to 37% higher in
elderly patients as compared with young adult pa-
tients. However, the values for Vs reported for
these patients were most likely underestimates, as
the models applied did not account for elimination
from the peripheral compartment.

While the study by Ornstein et al.[’! identified a
statistically significant increase in the half-life of
cisatracurium besilate in the elderly, neither study
showed a difference in the clearance between el-
derly and young adult patients. Interestingly, the
relationships between the pharmacokinetic vari-
ables (e.g. CL and V), as described earlier, were
not seen in these studies. The reason for this is not
clear.

The rate of equilibration between plasma
cisatracurium besilate concentrations and neuro-
muscular block was reported to be slower in elder-
ly patients compared with young adult patients.!°]
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Table Il. Cisatracurium besilate pharmacokinetic parameter estimates (mean £ SD) in specific patient populations
Population n Dose CL Vss 18 Reference
(mg/kg) (L/n/kg) (L/kg) (min)

Elderly 12 0.1 1V bolus 0.3£0.05 0.13+£0.022 255+3.7 7

33 0.1 1V bolus 19.14 (17.58-20.7) (L/h)°  13.3(9.9-16.7) (L)*> 36.3 10
Renal disease 17 0.1 1V bolus 15.24 £ 0.73 (L/h)° V4:4.52 £0.28 (L) 34.2+1.2° 20

V2: 4.65+0.24 (L)*°

End-stage liver disease 13 0.1 1V bolus 0.4+0.07 0.2 +£0.042 244+29 8

Intensive care unit 6 0.19(mg e kg~ e h7")
patients constant infusion
Pediatric 20 NR 0.35

32.94 +4.74 (L/hyde

21.9+0.42 (L)de 27.6+£3.6% 36

V1:0.068 NR 37

Mean and 95% confidence interval.

Population typical value and standard error.
Population mean and standard error of the mean.
e Parameter derived from a 1-compartment model.

Qa o T o

Parameter derived from noncompartmental or traditional 2-compartment model with elimination from only the central compartment.

CL = total body clearance; n = number of patients/participants; IV = intravenous; NR = not reported; Vss = steady-state volume of distribution;
ti,p = terminal elimination half-life; V4 = volume of the central compartment of a traditional 2-compartment model; V2 = volume of the peripheral

compartment of a traditional 2-compartment model.

There were no differences in the sensitivity to
cisatracurium besilate-induced neuromuscular
block, as indicated by the ECsq.l1°]

Overall, both studies indicated minor differ-
ences in the pharmacokinetics of cisatracurium
besilate in elderly patients.[”-10 These differences
were associated with a slightly slower time to onset
(1 min), but no clinically significant differences in
the recovery profile following cisatracurium besil-
ate administration. Thus, dosage adjustment of
cisatracurium besilate for use in the elderly patient
is not required.

6. Pharmacokinetics in Patients with
Renal or Hepatic Dysfunction

The pharmacokinetic parameter estimates for
cisatracurium besilate in 17 patients with chronic
renal failure were presented by Eastwood et al.[20]
(table II). Using NONMEM, these investigators
showed that the clearance of cisatracurium besilate
was 13% lower in patients with renal failure as
compared with healthy patients undergoing sur-
gery, the Vd was similar between the 2 groups, and
the t1,3 was approximately 4 minutes longer in pa-
tients with renal failure compared with healthy pa-
tients. When data from the same patients were an-
alysed using noncompartmental methods, there
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were no statistically significant differences in CL,
Vs or ty, although the trends remained similar.38]

The minor differences in the pharmacokinetics
of cisatracurium besilate were associated with an
approximately 1 minute slower time to onset in pa-
tients with renal failure compared with patients
with normal renal function (3.7 vs 2.4 min, respec-
tively).3!1 The time to 25% T recovery was similar
between the 2 groups. However, the rate of recov-
ery was slightly slower in patients with renal fail-
ure. Overall, there was more variability in the data
in patients with renal failure than in patients with
normal renal function.31]

The population pharmacokinetic analyses in
healthy adult patients!'? revealed that patients with
mild to moderate renal dysfunction [creatinine
clearance 1.68 to 4.2 L/h (28 to 70 ml/min)] had a
16% slower ke, than in patient with normal renal
function.['?! This difference was associated with a
slightly (=40 sec) slower predicted time to onset
following a bolus of cisatracurium besilate (0.1
mg/kg). However, there were no clinically signifi-
cant differences in the predicted recovery profile
of cisatracurium besilate for this subgroup. These
results suggested that cisatracurium besilate dos-
age requirements were not altered in patients with
renal dysfunction. However, because of the slower
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onset of action, product labelling has recom-
mended extending the interval between the admin-
istration of cisatracurium besilate and the intuba-
tion attempt in patients with mild to moderate renal
dysfunction.!

A separate study was conducted in patients with
liver disease undergoing liver transplantation and
in healthy patients undergoing surgery with normal
liver function. This study revealed that the Vg of
cisatracurium besilate was larger and the CL of
cisatracurium besilate was higher in liver trans-
plant patients than in healthy patients undergoing
surgery.8] No difference was noted in the half-life
between the groups. The renal clearance of cisatra-
curium besilate was 9% of the total clearance in the
liver transplant patients (table II).[®]

The minor changes in pharmacokinetics were
associated with a faster time to 90% T suppression
in patients undergoing liver transplant than in the
control patients (2.4 vs 3.3 min, respectively).[8]
The time to 25% T, recovery was approximately 7
minutes longer in patients undergoing liver trans-
plant. The 25 to 75% recovery index was similar
between the groups.[8!

Overall, there were minor differences in the
pharmacokinetics of cisatracurium besilate in pa-
tients with renal or hepatic failure. These changes
were associated with variations in the time to onset
but were not associated with clinically significant
changes in the recovery profile of cisatracurium
besilate. No dosage adjustments are required for
cisatracurium besilate in patients with organ fail-
ure.

7. Pharmacokinetics in Paediatrics

Population pharmacokinetic analyses were
completed on data from 20 healthy paediatric pa-
tients undergoing surgery.[371 Each patient received
cisatracurium besilate as a single dose with or
without an infusion of cisatracurium besilate dur-
ing halothane anaesthesia. The nontraditional 2-
compartment model (with elimination from the
central and peripheral compartments) with an ef-
fect compartment was fit to plasma cisatracurium
besilate concentrations and neuromuscular block

© Adis Infernational Limited. All rights reserved.

data. The CL and V, were similar to values reported
for other populations (table II). The magnitudes
of interindividual variability on CL were 12%.[37]
The pharmacokinetics of cisatracurium besilate in
healthy children undergoing surgery are similar to
the values reported for healthy adults undergoing
surgery.

The ke, and ECsy were 0.133 min! and 125
ug/L, respectively.37] The magnitudes of interin-
dividual variability in ECsy were 25%.87] The
pharmacodynamics of cisatracurium besilate in
healthy children undergoing surgery were similar
to the values reported for healthy adults undergo-
ing surgery, except for a larger k., in paediatric
patients. This larger ke, resulted in a more rapid
time to onset and shorter duration of clinically ef-
fective neuromuscular block in children as com-
pared with adults.[37-39-41]

8. Pharmacokinetics in
Intensive Care Unit Patients

The pharmacokinetics of cisatracurium besilate
were studied in 6 critically ill patients who re-
quired neuromuscular block to support mechanical
ventilation.[3] The mean infusion time of cis-
atracurium besilate in these patients was 37.6
hours. The pharmacokinetic parameters were esti-
mated using NONMEM, employing a 1-compart-
ment model.3 The Vd and CL of cisatracurium
besilate in these patients were higher than reported
for other populations (table I1). However, the half-
life was similar to that estimated in other popula-
tions. These findings were, not surprising on the
basis of the relationship between CL and V.

The rate of recovery from cisatracurium besil-
ate-induced neuromuscular block (46 to 68 min)
was consistent between patients following pro-
longed infusions in the intensive care unit
(ICU).[42-44] Continuous infusion of cisatracurium
besilate to adult patients in the ICU has not been
associated with evidence of tolerance to the neuro-
muscular blocking effect of cisatracurium besil-
ate.[3¢] However, there was one case report of a
critically ill 7-month-old infant who required in-
creased cisatracurium besilate doses (2.8 to 22.3
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ug/kg/min) during a prolonged infusion of 6
weeks.[+]

9. Pharmacokinetics of Cisatracurium
Besilate Metabolites

The metabolites of cisatracurium besilate in-
clude the monoquaternary alcohol, monoquatern-
ary acrylate and laudanosine. The monoquaternary
alcohol and monoquaternary acrylate metabolites
are devoid of pharmacodynamic effects.[!!] Lau-
danosine, which is also devoid of neuromuscular
blocking effects, can cause transient hypotension,
and at high doses in animals produces cerebral ex-
citatory effects.[*649] Since cisatracurium besilate
is 3 times more potent than atracurium besilate,
laudanosine concentrations following infusions of
cisatracurium besilate may be lower than those fol-
lowing equipotent doses of atracurium besilate. In
fact, this idea has been supported by data of Smith
et al.’% who reported laudanosine peak concentra-
tions following cisatracurium besilate to be less
than a third of those following atracurium besilate
administration. Also, these investigators reported
that the area under the concentration-time curve
(corrected for differences in dose) for laudanosine
were lower following cisatracurium besilate than
following atracurium besilate.’%] Laudanosine
concentrations were also lower in ICU patients re-
ceiving cisatracurium besilate undergoing mechan-
ical ventilation as compared with those receiving
atracurium besilate.[36]

Laudanosine, unlike cisatracurium besilate, is
dependent on hepatic and renal function for its
metabolism. In healthy patients undergoing sur-
gery the ti, ranged from 3.6 to 4.3 hours in patients
receiving laudanosine 0.1 and 0.2 mg/kg, respec-
tively.[’] As expected, the ty, of laudanosine (fol-
lowing cisatracurium besilate administration), was
prolonged in 2 patients with end-stage liver dis-
easel®l because laudanosine is metabolised in the
liver. Laudanosine concentrations were also higher
in patients with renal failure as compared with sur-
gical patients with normal renal function,[>!] possi-
bly because higher laudanosine concentrations
may have resulted from the prolonged presence of

© Adis Infernational Limited. All rights reserved.

the monoquaternary alcohol metabolite, which is a
precursor to laudanosine (fig. 2). Regardless, the
significantly higher laudanosine concentrations
following cisatracurium besilate administration in
patients with renal failure, as compared with
healthy patients, were less than one-tenth of those
reported following atracurium besilate administra-
tion in healthy patients undergoing surgery.l>!]
Therefore, laudanosine concentrations are lower
following administration of cisatracurium besilate
than after administration of atracurium besilate.
This is as expected from the differences in potency
between the 2 compounds.

10. Conclusions

Cisatracurium besilate is a nondepolarising
NMB agent that undergoes Hofmann elimination,
an organ independent elimination pathway, which
occurs in plasma and tissue. This mechanism of
elimination results in a low magnitude of interpati-
ent variability in CL and a unique relationship be-
tween plasma clearance and Vd. There are minor
differences in the pharmacokinetics of cisatracur-
ium besilate in various patient populations. These
differences are not associated with clinically sig-
nificant differences in the recovery profile of
cisatracurium besilate, but may be associated with
differences in the time to onset.
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